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RESEARCH QUESTIONS

Which impact does climate change

have on design and operation of

future energy systems? Which role will be played
by flexibility technologies,

and which risks are related
to their non-optimal

Are grid development measures utilization?

as defined in the German

Network Development Plan

robust against the impact of

it cheree? What is the systemic impact

of remaining thermal / hydrogen
power plants?

Which trade-offs exist
between extent of security of
supply and supply cost?

How do the requirements for energy
resilience influence the design of
the energy system?
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LONG-TERM SYSTEM ADEQUACY
IS A MULTI-FACETED TOPIC

Reference Scenario: German National Grid
Development Plan (NEP 2023), Scenario B.

Robustness Analyses of the Reference Scenario by a
dedicated, methodologically novel adequacy assessment.

NEP Focus: Flexibility Technologies (FLEX) and Weather /
(Reference) Climate Change (CLIMATE).

System Adequacy: combined assessment of Resource
Energy Adequacy and Transmission Adequacy for a robust
Sovereignty planning of climate-neutral energy systems.




01

Offentlich (Public)

Introduction

DEFINITIONS

Adequacy

Resource Adequacy - the available supply in the
electricity market is sufficient to meet demand at all
times in an economically efficient manner.

Energy Not Served ENS (GWhly)
LoL (hly)

Main metrics:
Loss of Load

Transmission Adequacy - the electricity supply can
also be physically transmitted via the grid

(GWhy)

Main metric: Overload Energy

System Adequacy - The combination of Resource and
Transmission Adequacy

TRANSNET BW

Flexibility

We define flexibility technologies as follows:

Decentral Flexibility Technologies - household-
proximate devices such as rooftop PV, small-scale
batteries, heat pumps and e-mobility.

Central Flexibility Technologies - climate-neutral
thermal power plants such as hydrogen turbines as well
as large-scale batteries, electrolysers and inter-
connectors.
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02 Our 5 Key Messages

“Planning of climate-neutral
systems must include weather
variability and climate change
impact, not just historical
averages”

Adequacy 2050, Key Message #1
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PLANNING OF CLIMATE-NEUTRAL SYSTEMS MUST
INCLUDE WEATHER VARIABILITY AND CLIMATE CHANGE IMPACT,
NOT JUST HISTORICAL AVERAGES

/ Grid planning (Netzentwicklungsplan 2023) uses an average meteorological year, i.e. 2012
/ However, max. annual historical generation variability accounts to: * 15 % for wind power and £ 5 % for solar PV

/= For Germany (Ref. Scenario, 2050): up to ca. 150 TWh/y (approx. 12 % of the annual demand)

We analysed the impact of weather variability of meteorological projections
We selected — beside a “new average” scenario — 3 extreme meteorological years:
Extreme Weather 1 & Overall low renewable yields in Europe

Extreme Weather 2 - An exceptional cold winter

Extreme Weather 3 = A particular high number of hot summer days paired with low renewable yields
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PLANNING OF CLIMATE-NEUTRAL SYSTEMS MUST INCLUDE
WEATHER VARIABILITY AND CLIMATE CHANGE IMPACT, NOT JUST
HISTORICAL AVERAGES

Resource vs. Transmission /" We compare the Reference Scenario (NEP 2023) with the scenario “Extreme
Adequacy Germany 2050 Weather 3” as an extreme case
/" Results:
600 12
/' Resource Adequacy is not given with Reference Scenario > ENS
500 10 £
> increases approx. 10x, electricity prices doubles in Germany
< 400 8 ¢
5 > / Transmission Adequacy KPIs improve proving the NEP 2023 grid as
< 300 6 2 : : : : :
2 o robust against climate change (low RES-yields activates balancing plants,
L 200 4 g . . . .
s which are typically located grid friendly)
100 2 5
0 L 0
NEP 2023 Extreme
Weather 3 .. ) ) ) )
Holistic assessments are crucial for a future system, which relies heavily
on RES and hence is influenced by weather variability and climate
m Energy Not Served (Resource Adequacy)
= Overload Energy (Transmission Adequacy) Change impact.
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“European interconnectivity
lays the groundwork for a
more efficient energy system”

Adequacy 2050, Key Message #2
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EUROPEAN INTERCONNECTIVITY LAYS THE GROUNDWORK
FOR A MORE EFFICIENT ENERGY SYSTEM

18 billion € / year cost reduction
is possible, when we plan with higher interconnection targets (Europe, 2050)

76 to 81 GW interconnection capacity around Germany
(NEP23: 49 GW), which aligns with BMWK-Langfristszenarios

/| Year-to-year weather variability also impacts European

green hydrogen production

Deep European cooperation :
regarding energy infrastructure is / European green hydrogen import shares vary greatly

also necessary in the field of green between 20% (380 TWh) and 50% (820 TWh)

hydrogen imports / European system design needs to also account for an

adequate hydrogen supply infrastructure
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02 Our 5 Key Messages

“Unlocking smart decentral
flexibility potentials is
essential for the affordability
of the energy transition”

Adequacy 2050, Key Message #3
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WITHOUT SMART PARTICIPATION, THE ENERGY
TRANSITION BECOMES MORE EXPENSIVE

| SMART
1 1 | FLEXIBLE 1 5
- | MARKET-ORIENTED For Germany (2050): 1.
—
= I€E(Jyear Prosumers which follow dynamic investments of 9 GW 2l %I/Eyear
(EU) price signals have the potential to additional hydrogen (DE)
reduce 11 billion € / year costs in power plants are avoided

Europe in 2050.

Keys to achieve this reduction:

Active market participation Smart meters, smart electric Market design which

of prosumers (either directly vehicles & wall boxes, smart encourages flexibility
or via aggregators) heat pumps and more on all scales
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02 Our 5 Key Messages

“Hydrogen power plants are
essential - especially when
flexibility falls short”

Adequacy 2050, Key Message #4
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HYDROGEN POWER PLANTS ARE ESSENTIAL -
ESPECIALLY WHEN FLEXIBILITY FALLS SHORT

@, The point of view and the assumptions do matter!

iz Flexibility from hydrogen power plants is much more expensive than flexibility from market-oriented prosumers ...
> BUT ONLY for an average meteorological year and under perfect market conditions
® A stress test has shown:

/ If the system relies on 100% market-oriented prosumer, but only 50% participate ...

/" AND if challenging weather conditions are present,

/" THEN: on 168 hours electricity demand will not be fully satisfied (2,77 hours is the benchmark
for an adequate system) which corresponds to a shortfall of 1,2 TWh of electricity

by investing in 9 GW more central capacities, then AUTOMATICALLY it is also much better suited
for the shown stress test (only 5 hours of loss of load; - 97%)

O If we design our system to be resilient against loss of 50% market participation of prosumer
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HYDROGEN POWER PLANTS ARE ESSENTIAL -
ESPECIALLY WHEN FLEXIBILITY FALLS SHORT

NEP
system

Normal conditions
Weather: 2012
Decentral Flex: 100%

Stress Test
Weather: Low-RES 2050
Decentral Flex: 50%

1.208 GWh ENS
168 h LoL
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02 Our 5 Key Messages

HYDROGEN POWER PLANTS ARE ESSENTIAL -
ESPECIALLY WHEN FLEXIBILITY FALLS SHORT

System with

add. 9 GW
capacities

Normal conditions
Weather: 2012
Decentral Flex: 100%

Stress Test ®
Weather: Low-RES 2050
Decentral Flex: 50%
1.208 GWh ENS 1 GWh ENS
168 h LoL 5h LoL

Page 19



TRANSNET BW

02 Our 5 Key Messages

“Flexibility technologies are
key - and they must be both
central and decentral.”

Adequacy 2050, Key Message #5
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FLEXIBILITY TECHNOLOGIES ARE KEY — AND THEY
MUST BE BOTH CENTRAL AND DECENTRAL.

Decentral flexibilities Smart is not enough,
like electric vehicles, heat pumps, home battery storages, have market-oriented iS necessary:

huge leverages on electricity market prices, because they
are present in masses and their flexible operation is cheap in

comparison Should all prosumer ignore market-signals
and optimise only self consumption rates,
60% more large-scale storage batteries

Central flexibilities

like hydrogen power plants are typically dispatchable would be necessary resulting in additional
independently from the weather and provide resilience cost for the energy transition (same effect,
against forecast errors of renewable generation, overall low if no dynamic price tariffs)

renewable electricity yields or of demand assumptions

Electricity interconnection capacities
Europe has a diverse mix of weather, interconnection
capacities “tap” the different weather profiles of Europe and
“pipe” them to where demand is high
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Expert Discussion
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Chief Operating Officer Professor
TransnetBW Florence School of Regulation
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Q & A SESSION
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